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IF-TO-BASEBAND CONVERSION FOR FLEXIBLE 
FREQUENCY PLANNING CAPABILITY 

This application claims the priority under 35 USC 1 19(e)(1) of copending U.S. 
provisional application number 60/204,301 filed on May 15, 2000. 

FIELD OF THE INVENTION 

The invention relates generally to conversion of an intermediate frequency (IF) 
signal to a baseband signal in a communication receiver apparatus and, more 
particularly, to conversion of an analog intermediate frequency signal into a digital 
baseband (BB) signal. 

BACKGROUND OF THE INVENTION 

Figure 1 diagrammatically illustrates pertinent portions of a conventional 
communication receiver apparatus including an RF receiver 11 (embodied, for 
example, as an integrated circuit) coupled to a baseband processor 13 (embodied, for 
example, as a digital signal processor integrated circuit). The portions of the 
communication apparatus illustrated in Figure 1 are cooperable for converting an 
analog IF signal 17 produced by the RF receiver 1 1 into a digital baseband signal 18 
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upon which a digital communication processing portion 16 performs desired digital 
communication processing operations. An A/D converter 12 in the RF receiver 11 
converts the analog IF signal 17 into a digital signal 19. This digital IF signal 19 is 
input to a digital IF-to-BB converter 14 which converts the digital IF signal 19 into a 
digital baseband signal 10. The digital baseband signal 10 is then applied to a 
matched filter 15 which filters the signal 10 to produce the desired digital baseband 
signal 18. 

One example of the digital IF-to-BB converter 14 is the so-called CORDIC 
(Coordinate Rotation Digital Computer) circuit which receives the digital IF signal 19 
from the A/D converter 12 in sign-magnitude format, and multiplies this digital signal 
by digital sine and cosine functions. These operations translate the digital IF signal 19 
into a digital baseband signal 10 that is split into its I (in-phase) and Q (quadrature) 
components which are then separately filtered by the matched filter 15. 

An example of the matched filter 15 is a so-called "integrate and dump" filter, 
which essentially sums a prescribed number of individual samples, and then takes the 
average of that sum. This type of digital filter processing is also commonly known as 
decimation. 

Figure 2 illustrates a more detailed example of the prior art IF-to-BB 
conversion architecture of Figure 1. The example of Figure 2, in which the RF 
receiver 11 is a GPS (Global Positioning System) receiver, illustrates exemplary 
disadvantages associated with the architecture of Figure 1. As shown in Figure 2, the 


2657174 


2 


Patent Application 
Docket No. TI-31005 

design of the digital IF-to-BB converter 14 (in this case a CORDIC circuit) and 
matched filter 15 in the baseband processor 13 can significantly limit the frequency 
planning options in the RF receiver 1L Due to the design of the CORDIC circuit 14 
and matched filter 15 in Figure 2, the frequency fc of the analog IF signal 17 must be 
(28/3) x fc, (where f 0 is the bandwidth of the received RF signal, for example 1.023 
MHz), and the sampling rate f s used by the A/D converter 12 must be (112/3) x f<> 
The relationship between the IF frequency fc and the sampling rate fs is fs = 4 x fc, 
which is standard operation for many conventional CORDIC circuits. 

The aforementioned requirements for the IF frequency fc and the sampling rate 
f s disadvantageous^ limit the frequency planning options in the RF receiver 11. In 
particular, the mixer circuitry (not explicitly shown) that produces the IF signal 17 
from the input RF signal (not shown) is required to produce the IF signal 17 at fc = 
(28/3 x fo)> and the A/D converter 12 is constrained to sample the IF signal 17 at fs = 
(112/3) x f 0 . These frequencies f c and fs must have the aforementioned values in 
order to provide the digital baseband signal 18 at the sampling rate (f s = 2 x fo) 
expected by the digital communication processing portion 16. It should therefore be 
clear that the design of the CORDIC 14 and matched filter 15 significantly limits 
frequency planning options on the RF receiver 11. 

Frequency planning flexibility can be important, because today's 
communications systems integrate more and more complexity into smaller and smaller 
spaces. In addition, more communication systems are integrated into single consumer 
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appliances. For instance, early 3G mobile phones will include dual band GSM radios, 
a WCDMA radio, a Bluetooth radio and a GPS receiver. As a result, there are a 
plethora of signals that are generated within a single device at various frequencies. In 
addition these signals can interact with one another creating both wanted and 
unwanted signals at harmonic multiples of each signal. These signals can further 
interact with one another through device nonlinearities to produce new signals at 
either the sum or difference of any of these signals. 

Consequently, the frequency planning of each radio must take into account all 
the other signals that can be present within a single device (as well as those signals 
that impinge upon the device's antenna). This is a complex task that requires 
judicious selection of each local oscillator (LO) and intermediate frequency (IF) signal 
source or information channel. By judiciously choosing these signal frequencies with 
respect to one another, the communication system designer can ensure these signal 
sources do not interact with one another in a fashion that degrades the performance of 
any of the individual radios within the device. 

It is therefore desirable to provide for more flexibility in the frequency plan of 
the RF receiver in communication receivers of the type illustrated in Figures 1 and 2. 

According to the invention, the digital IF-to-BB converter and the matched 
filter are integrated into the RF receiver, thereby advantageously avoiding the IF 
frequency and sampling frequency restrictions imposed by the baseband processor 
design in prior art architectures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 diagramatically illustrates an IF-to-BB conversion architecture 
utilized in a prior art communication system. 

FIGURE 2 diagramatically illustrates a detailed example of the prior art 
architecture of Figure 1. 

FIGURE 3 diagramatically illustrates pertinent portions of exemplary 
embodiments of a communication receiver according to the invention. 

FIGURE 4 diagramatically illustrates exemplary embodiments of the analog 
IF-to-digital BB converter of Figure 3. 

FIGURE 5 diagrammatically illustrates a more detailed embodiment of the 
analog IF-to-digital BB converter of FIGURES 3 and 4. 

FIGURE 6 illustrates exemplary operations which can be performed by the 
communication receiver embodiments of Figures 3-5. 
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DETAILED DESCRIPTION 

Figure 3 diagrammatically illustrates pertinent portions of exemplary 
embodiments of a communication receiver (or the receiver portion of a transceiver) 
according to the invention. The communication receiver of Figure 3 can be provided 
in exemplary devices such as mobile telephones, laptop computers and personal digital 
assistants. In the example of Figure 3, the analog IF- to-digital BB conversion is 
performed by a converter 34 integrated within the RF receiver 31. In the embodiments 
illustrated in Figure 3, the converter 34 can produce a digital baseband signal 38. The 
signal 38 can be input to a baseband processor 32 (for example a digital signal 
processor integrated circuit), where it is applied to a digital communication processing 
portion 36 of the type shown at 16 in Figures 1 and 2. The RF receiver 31 also 
includes a conventional mixer 33 for mixing an input RF signal down to an IF signal 
37. By integrating the analog IF-to-digital BB conversion into the RF receiver 31 (for 
example an RF receiver integrated circuit), the frequency planning restrictions 
imposed by prior art architectures such as shown in Figures 1 and 2 can be avoided, 
thereby significantly enhancing the frequency planning options of the RF receiver 31. 

Figure 4 diagrammatically illustrates exemplary embodiments of the analog IF- 
to-digital BB converter 34 of Figure 3. In Figure 4, the IF signal 37 is digitized by an 
AID converter 42 to produce a digital IF signal 49 that is input to a digital IF-to-BB 
converter 44. The converter 44 outputs a first digital baseband signal 40 which is 
applied to a matched filter 45 that in turn produces a second digital baseband signal 
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48. In some embodiments, the converter 44 can be, for example, a conventional 
COKDIC circuit. In some embodiments, the matched filter 45 can be realized as a pair 
of decimeters of the same general type described above with respect to Figure 2. 

In some embodiments, the digital baseband signal 38 produced by the analog 
IF-to-digital BB converter 34 of FIGURES 3 and 4 is the same as the digital baseband 
signal illustrated at 18 in Figures 1 and 2. However, by integrating the converter 34 
into the RF receiver 31, the frequency plan options in the RF receiver 31 are 
advantageously enhanced. For example, and referring also to Figure 2, in order to 
make the digital baseband signal 38 the same as signal 18 at a sampling frequency fs = 
2 x fo, the RF receiver 31 of FIGURES 3 and 4 can utilize any desired frequency plan, 
as long as the digital baseband signal 38 provided to the digital communication 
processing portion 36 of the baseband processor 32 has a sampling frequency of 2 x 
fo. Therefore, the design of the digital IF-to-BB converter 44 and the matched filter 
45 can be adjusted as desired to accommodate a desired frequency plan with respect to 
the frequency f c of the IF signal 37 and the sampling frequency fs used to operate A/D 
converter 42. This arrangement advantageously permits the manufacturer or user of 
the RF receiver (which will typically be provided physically separately from the 
baseband processor) to retain control over frequency plan considerations. 

Although the sampling frequency of the signal 38 in the example given 
above is 2 x f 0 , it should be clear that the embodiments of FIGURES 3 and 4 can 
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support any sampling rate for signal 38 that is at least 2 x fo and is advantageous from 
a signal processing perspective. 

For example, in embodiments which utilize a CORDIC circuit as the converter 
44, all that is required is that fs = 4 x namely that the sampling frequency of A/D 
converter 42 is 4 times the frequency of the IF signal 37. Thus, by suitably designing 
the converter 44 and matched filter 45, any desired combination of fc and f$ can be 
accommodated, thereby advantageously enhancing the frequency plan flexibility in the 
RF receiver 31. Furthermore, clock generation complexity is reduced, because the 
clocks for the A/D converter 42 and the matched filter 45 can be derived from a 
reference clock (e.g. PLL or DDFS) frequency of the RF receiver. 

Figure 5 illustrates a more detailed exemplary embodiment of the analog IF-to- 
digital BB converter 34 of Figures 3 and 4, specifically, a GPS receiver embodiment. 
In the example of Figure 5, the A/D converter 42 is a 4 bit A/D converter, and the 
digital EF-to-BB converter 44 is a CORDIC circuit. In the embodiment of Figure 5, 
the matched filter 45 is realized as a combined decimator and quantizer. Thus, the 
output of the CORDIC circuit 44 is first decimated, for example in the same general 
manner described above, and the decimated result is then quantized from 4 bits per 
sample to 2 bits per sample. 

Also in the embodiment of Figure 5, the 4 parallel signals provided at 38 by 
the matched filter 45, namely the I magnitude and sign signals and the Q magnitude 
and sign signals, are input to a multiplexer and parallel-to-serial converter unit 53 
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which converts these 4 parallel signals into serial format for transmission to the 
baseband processor 52, The baseband processor 52 includes a complementary serial- 
to-parallel converter 54 which converts the serial data back into parallel format, 
thereby to provide the digital communication processing portion 36 with the signal 38. 
This serial transmission of the signal 38 advantageously reduces the number of 
connections (and pin count) between the RF receiver 51 and the baseband processor 
52. In some embodiments, this reduction in connections permits the remaining 
connections to be advantageously realized as differential connections, such as Low 
Voltage Differential Signaling (LVDS) or differential PECL, rather than CMOS, TTL 
or the single ended PECL connections shown in Figure 2, thereby providing enhanced 
noise immunity and suppression of spurious signals. Moreover, because the CORDIC 
circuit 44 and matched filter 45 are integrated into the RF receiver 51, the receiver 51 
need not provide the sampling (acquisition) clock to the baseband processor 52, 
thereby eliminating another connection from between the RF receiver 51 and baseband 
processor 52, as compared, for example, to the arrangement of prior art Figure 2. The 
clock for the parallel-to-serial converter at 53 can be derived from the same reference 
clock as are the clocks for A/D converter 42 and matched filter 45. Also, a reference 
clock can be passed from the RF receiver to the baseband processor (see GPS clock in 
FIGURE 5) for use (e.g., after suitable dividing down) in signal processing and serial- 
to-parallel conversion. 
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In some embodiments, the 4 parallel signals at 38 can be transmitted in parallel 
to the baseband processor in the same general fashion that the parallel signals at 19 are 
transmitted in FIGURE 2. 

Comparing FIGURES 2 and 5, note that the sampling rate (i.e. data rate) of the 
digital signaling between the RF receiver and the baseband processor is much lower in 
FIGURE 5, which advantageously reduces power consumption in the communication 
receiver. The lower data rate of FIGURE 5 also facilitates use of the serial data link. 
The lower data rate also facilitates higher-resolution sampling, for example the 4-bit 
A/D converter 42 of FIGURE 5, and corresponding quantization in the matched filter 
45. 

In some embodiments, for example, twelve parallel signals from the matched 
filter are segmented into three serial data streams of four bits each for transmission to 
the baseband processor, where they are reproduced by appropriate serial-to-parallel 
conversion. 

Figure 6 illustrates exemplary operations which can be performed by the RF 
receiver embodiments of Figures 3-5. At 61, the IF signal is digitized. At 62, the 
digitized IF signal is converted to a digital baseband signal. At 63, the digital 
baseband signal is applied to a matched filter. At 64, the filtered digital baseband 
signal is transmitted to the baseband processor. 
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Although exemplary embodiments of the invention are described above in 
detail, this does not limit the scope of the invention, which can be practiced in a 
variety of embodiments. 
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